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NUMERICAL MGJELS OF CTX EQUILIBRIUM

George Marklin
Los Alamos National Laboratery

Los Alamos, New Mexico 87545

The open mesh flux conserver (MFC) of the Los Alamos spheromak (CTX) s
equipped with Rogowski loops that measure the current in many of its individual
segments. The distribution of induced current in the toroidal hoops of the MFC

can be used to construct numerical models of the CTX eqguilibirum.

Assuming the plesma is in an axisymmetric zero-beta ideal MHD equilibrium,

the megnetic field can be represented in cylindrical coordinates as
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where j; is the induced current in the MFC and A = j"/B. The poloidal flux

function ¢y satisfies the Grad-Shafranov equation
- 4"y = Aly) /v My )ay 4+ 51.r 8(r-r, )é(z-2,) (2)
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The sum 1is over the toroidal)l hoops of the MFC, which have coordinates (rj.z])
and carry current I,. The operator A" = r2V.r=29 and A(y) 13 taken to be a

polynom.nul

A(Y) = Ag + Ay + Azwz oo, (4)

wilh adjustebie parameters Ak‘ De/ining the flux due to the plasma current
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- a"¥p(r,z) = A(y) l: Ay )y (5)

and the Greens' function of the j'! toroidal hoop

—A'Gj(r.z) = rjé(r—rj)d(z-zj) , (6)

the solution to Eq. (3) can be written.
v(r.z) = ¥p(r,z) + ; lej(r.z) . (7)

Applying the {lux conserving boundary conditlion w(rk.zk) = 0 at each hoop. Eq.

7 becomes
; ]jGj(rk’zk) = - V’p(rk-zk) . (8)

The matrix Gj(rk'zk) £ “jk is the mutual inductance between hoops j and k. A
finite aspect ratio correction is added to the diagonal elemenis to give the

correct self-inductance. The current is then determined by

Iy = - ;(rl)jk Yp(r,.zy) (9)

The algoritha for molving Eq. (3) is now evident:. start with a guess for v
and solve Eqs. (5). (9), and (7) in that order, and repeat until the solution
convergas. (10-20 interations is typical.) This procedure determines th= hdop
currents a3 a function of the A parameters 1j " IJ(AOAlka"')' Combining this
with the measured values of the hoop currents l; and the.r uncertainties Al;. a

mean square error is computle:
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and the set of parameters that gives the best fit Lo {he data cen be determined.

I1{ only one parameter is used in Eq. (4), the A profile is flat and there
is only one solution; the minimum energy state shown in Fig. 1. With two
parameters the slope of the A profile cen be varied, generating a family of
equilibria that can mode]l the time evolution of CTX during a shot. Figure 2
shows two paramzter fits to the Rogowski loop data et four different times in a
typical shot. The first row oi figures shows the daia along with the computed
hoop current distributions that give the best fit. The second and third rows
show the A and q profiles. The first coijumn is at the beginning of the shot
when the spheromak i3 being sustained and the n = 1 oscilletion is observed.
The seccond column is just after the sustainment ends and the plasma is close to
the minimum energy state with no oscillztions. Resislive decay causes current
peaking near the magnetic axis i1n column three where an n = 2 oscillation is
seen, and contirues to column four where the n = 3 oscillation takes over.
Notice that the q on axis 1is close to one when the un =1 oscillation is
observed, and close to 1/2 and 1/3 when the n = 2 and n = 3 oscillations are

seen.
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Figure 1. The minimum enargy state
of CTX
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Figure 2. Two rarameter models of CTX equilibrium at four different times during a typical shot in which n =1
oscillations are ohserved /{Column 1), followed by a quiescent peric3 (Column 2), then by n = 2
oscillations (Coiumn 3) and n = 3 oscilletions (Column 4).
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